Aspergillus flavus is an ubiquitous, opportunistic fungus responsible to cause invasive fungal allergic diseases, including bronchopulmonary invasive aspergillosis in persons with altered immune function. Lectins have been implicated as interaction mediators between the pathogenic fungi and human host. We isolated L-fucose specific lectin from A. flavus (FFL) and purified it to homogeneity with a combination of ion exchange and hydrophobic interaction chromatography methods. Its hemagglutination activity was significantly inhibited by 125 μM L-fucose as compared to other sugars and sugar derivatives. We, then used human cell line L-132, and U937 cell line to explore the possible cytotoxicity and proinflammatory effect of this fucose-specific lectin. The lectin induced the expression of proinflammatory cytokine interleukin-8 (IL-8) in a dose-dependent manner, and it was found to be associated with the p38 mitogen activated protein kinase (MAPK). The p38MAPK signalling pathway regulates the transcription factor activator protein-1 (AP-1) activity, which is the integration point of many signals that can differentially affect the expression and transcriptional activity of a cell. We observed activation of c-Jun, a critical component of the AP-1 complex, mediated by p38MAPK upon the FFL treatment in L-132 cells. Finally, inhibition of p38MAPK by a specific inhibitor attenuates the c-Jun, suggesting the p38MAPK involvement in the c-Jun activation, which in turn transcriptionally activates the induction of IL-8 in response to the lectin. Thus, this study showed a potential lectin-mediated mechanism to modulate the immune response during host-fungus interactions.
Introduction
The lectins are mono-or multivalent proteins or glycoproteins of nonimmune origin that recognize the diverse sugar molecules reversibly with high specificity in a noncatalytic manner. 1 They are ubiquitous in nature and have been isolated from plants, bacteria, viruses, algae, fungi, and animals. 2 Although extensive studies have been carried out for plant and animal lectins, the fungal lectins with diverse and complex carbohydrate specificities are being reported recently. However, with limited reports on structural details of fungal lectins, they have been reported to possess antitumor, antiproliferative, antiviral as well as immunomodulatory activities, thus their therapeutic and biotechnological potential is growing. [3] [4] [5] [6] Numerous lectins from various parts of fungi including mycelium, conidia as well as the fruiting bodies have been identified, and they play versatile physiological roles in different circumstances including fungal growth, morphogenesis to molecular recognition molecules. 7 In pathogenic fungi, such as those from the genus Aspergillus, lectins have been shown to be involved in cell surface attachment and thus in host-pathogen interactions during infection. A 32-kilodalton L-fucose specific lectin was reported from Aspergillus fumigatus conidia, which enhanced attachment of fungal spores to mammalian cell membranes and contribute to its pathogenicity. 8, 9 The lectin was shown to stimulate the production of proinflammatory cytokine, interleukin-8 (IL-8) from respiratory epithelial cells during infection. 8, 10 Aspergillus flavus, a mycotoxin producing opportunistic pathogenic fungi, is the second to A. fumigatus that not only causes invasive and noninvasive aspergillosis in immunocompetent persons, but also causes sinusitis and keratitis. 11, 12 The inhalation of the conidial spores results primarily in bronchopulmonary infections; however, they can also transmit through secondary routes like skin, ears, and wounds. Several biochemical mechanisms have been shown to augment the host cell attachment and infection process, including extracellular proteases and lectins. These fungi associated factors are involved in rhinosinusitis, which triggers the inflammatory reactions through cytokine production. 13 Recent clinical studies in different group of patients suffering from fungal rhinosinusitis showed elevated level of inflammatory cytokine production. 14 The lectins can bind to the cell surface carbohydrates and/or glycoproteins to induce the downstream signaling cascade resulting in the production of proinflammatory cytokines. Although it has been shown that A. fumigatus conidia can induce IL-8, 10 such reports connecting lectin and cytokine in case of A. flavus is not present and the detailed mechanism of lectin mediated host-A. flavus interactions scarcely exists. In this study, we purified a lectin with strong affinity towards Lfucose from A. flavus strain (named as fucose specific A. flavus lectin, FFL) isolated from a sinusitis patient. We investigated lectin mediated cytotoxicity and modulation of proinflammatory cytokine IL-8 and the potential signalling mechanism to illustrate its probable role in fungal pathogenesis. 
Materials and methods

Chemicals
Antibodies
The primary antibodies against p38, phospho-p38, c-Jun, and the rabbit and mouse secondary antibodies were purchased from Sigma-Aldrich (St. Louis, MO, USA). Primary antibodies against ERK1/2, phospho-ERK1/2, JNK1/2, and phospho-JNK1/2 were purchased from Invitrogen, MA, USA. Mouse primary anti-β-actin antibody was procured from Cell Signaling Technology, Inc., MA, USA. 
Fungal culture
Protein extraction and purification
Fungal extracts from conidia and mycelium were prepared in PBS according to the method of Tronchin et al. 15 The protein concentration was determined by the method of Bradford. 16 BSA was used as reference standard. The purification procedures are described below.
Fractionation by ion-exchange chromatography
Fungal extract was applied to a HiTrap Q-Sepharose FF column (1.6 × 2.5 cm, 5 ml bed volume) connected to an AKTA Purifier fast protein liquid chromatography (FPLC) system (GE Healthcare, UK). The column was equilibrated with 20 mM Tris-HCl buffer (pH 8.2). The bound proteins were eluted with an increasing linear gradient of sodium chloride (0-1 M) at a flow rate of 5 ml/min. Fractions of 1 ml were collected and hemagglutination activity was checked.
Hydrophobic-interaction chromatography
The active fractions from ion exchange chromatography were pooled and applied to a HiTrap Phenyl-Sepharose HP column (1.6 × 2.5 cm, 5 ml bed volume. The column was equilibrated with 50 mM phosphate buffer containing 1.5 M ammonium sulfate. Elution was carried out with a decreasing linear gradient of ammonium sulphate. Fractions of 1 ml were collected, dialyzed against phosphate buffer, and hemagglutination activity was assayed. Finally, the active fractions were pooled together, and the purified lectin sample was used in further studies.
Electrophoresis
After each purification step, the active fractions were analysed by 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) according to the method of Laemmli, 17 on a Mini-PROTEAN tetra system (Bio-Rad laboratories Inc., CA, USA). The gels were stained with Coomassie brilliant blue R250. The purity of the lectin was confirmed and molecular mass was determined by native and SDS-PAGE analysis.
Preparation of erythrocyte suspension
The whole blood samples of type A, B, and O were collected aseptically into the tubes containing cold Alsever's solution and stored at 4
• C, until used.
Hemagglutination assay and blood group specificity determination
The hemagglutination assay was performed in a 96-well microtiter U-bottomed plate in a final volume of 100 μl containing 50 μl serial two-fold dilutions of fungal extract in PBS (pH 7.4) and 50 μl of 2% erythrocyte suspension. After gentle shaking, the plate was incubated at room temperature for 30-60 minutes, and agglutination was recorded visually. Simultaneously, PBS and PHA-M were used as negative and positive controls, respectively. The hemagglutination titer was defined as the reciprocal of the protein concentration that yields visible hemagglutination activity. One hemagglutination activity unit (HAU) was defined as the amount of protein which caused complete agglutination under the respective conditions. The specific hemagglutination activity was estimated as the number of HAU per microgram of protein. For blood group specificity determination, erythrocytes prepared from different blood types were used for hemagglutination assay in the above mentioned manner.
Hemagglutination inhibition assay
Inhibition of hemagglutination activity was performed by adding an appropriate dilution of FFL (corresponding to 2 HAU) to an equal volume of serial two-fold dilutions of different inhibitors (described below), followed by mixing with an equal volume of 2% erythrocyte suspension in wells of a microtiter plate. After 60 minutes at room temperature, the agglutination was recorded visually. PBS was used as negative control. The minimum inhibitory concentration (MIC) was defined as the lowest concentration of inhibitor required for complete inhibition of the hemagglutination activity. The following sugars (stock solutions of 500 mM in PBS) and glycoproteins (stock solution of 1 mg/ml in PBS) were used as inhibitors:
, bovine fetuin, and submaxillary mucin.
Cell culture
Isolation of Peripheral Blood Mononuclear Cells
The appropriate volume of blood was collected from a healthy donor into sodium heparin blood collection tubes. Peripheral blood mononuclear cells (PBMCs) were separated from heparinized blood using Sigma Histopaque-1077 density gradient. Human L-132 cells, and human monocyte cell line (U937) were procured from the National Centre for Cell Science (NCCS), Pune, India. The L-132 cells were maintained in serial passage in DMEM supplemented with 10% FBS, 1% antibiotic-antimycotic solution in 25 cm 2 culture flasks at 37
• C in a humidified incubator at 5% CO 2 . The
PBMCs and U937 were resuspended in RPMI medium supplemented with 10 mM HEPES, 2 mM L-glutamine, 10% heat inactivated fetal bovine serum, and 1% antibioticantimycotic solution.
Cell viability assay
Cell viability assay was performed by measuring the reducing potential of the cells using a colorimetric MTT assay. 19 Briefly, L-132 cells were seeded in wells of a 96-well plate at a density of 5 × 10 3 cells/well and incubated overnight.
The cells were then treated with varying doses of lectin (10-60 ng/ml) diluted in serum free media for 24 hours. Cells, treated with PBS, were used as control. After incubation periods, MTT reagents (0.5 mg/ml) were added to each well following 3 h incubation in dark at 37
• C. The medium was removed and formazan crystal was dissolved in DMSO, and the optical density was recorded at 570 nm (background wavelength 630 nm) using Enspire R Multimode plate reader from Perkin Elmer Inc., MA, USA.
Total RNA isolation and quantitative real-time polymerase chain reaction
The L-132 cells, U937, and PBMCs were treated with different doses of lectin (10-40 ng/ml) in serum free culture media for different time periods. Following incubation the cells were homogenized, and the total RNA was isolated using TRIzol reagent (Ambion Thermo Fisher Scientific Inc., MA, USA) according to the manufacturer's instructions. For the synthesis of cDNA, reverse-transcription reactions were performed using cDNA synthesis kit (Applied Biosystems, CA, USA) following the manufacturer's instructions. The LightCycler 480 system (Roche Life Science, Basel, Switzerland) was used to measure mRNA expression level. The primer sequences used for the gene expression analysis includes, IL-8 forward: 5 -AACTTCTCCACAACCCTCTG-3 , reverse: 5 -TTGGCAGCCTTCCTGATT-3 and GAPDH (glyceraldehyde-3-phosphate dehydrogenase) forward: 5 -TCCACTGGCGTCTTCACC-3 , reverse: 5 -GGCAGAGATGATGACCCTTT-3 . The Ct value for IL-8 gene was determined relative to the endogenous control GAPDH. The fold change data for the treated group were calculated from the Ct values standardized against GAPDH abundance in the control group. All primer efficiencies were higher than 95%, and specificity was confirmed by sequence blast and melting curve analysis. All quantitative reactions were conducted in triplicates.
Western blot analysis
The L-132 cells were treated with lectin as explained earlier.
After washing with PBS, cells were lysed with RIPA buffer containing 1 mM PMSF, 1 mM DTT, and protease inhibitor cocktail on ice. The cellular lysates were cleared by centrifugation at 10,000 rpm for 10 minutes at 4
• C. Equal amounts of proteins were resolved in a 10% SDS-PAGE and transferred onto PVDF membranes for immunoblot analysis using diluted (1:5000) primary antibodies against a target protein. Horseradish peroxidase (HRP)-coupled secondary anti-rabbit antibodies (1:10000) were used for recognition of primary antibody bound to antigen. The chemiluminescence was detected with the HRP substrate and measured directly by a Bio-Rad Versadoc Imaging System. Signal intensities were analysed using Image Lab 5.1 software (BioRad). Beta-actin was used as a loading control.
Enzyme-linked immunosorbent assay (ELISA)
Interleukin-8 concentration in cell culture supernatant was determined by sandwich ELISA using human IL-8 ELISA kit from Elabscience, Beijing (E-EL-H0048), following manufacturers protocol. The cells were treated with FFL (40 ng/ml) in 24-well plates. Cells treated with 100 nM TPA were used as positive control. The supernatants were collected at each time interval, and concentration of IL-8 was measured. Untreated cells were taken as negative control.
Inhibition study
For inhibition study, the human L-132 cells were preincubated with specific p38 MAPK inhibitor (SB203580) at different concentrations of 10 μM and 20 μM for 1 hour and then stimulated with 40 ng/ml purified lectin following 24 hours of incubation. Cells without stimulation were used as control. The c-Jun and IL-8 expressions were monitored as explained earlier. 
Statistical analysis
Each experiment was performed at three times with triplicates and all the data was represented as mean ± SE of triplicate (standard error) and representative result was presented. The statistical significance of differences among the groups or analysis of variances (ANOVA) was assessed by Student's t test with a threshold of P < .05.
Results
Purification, hemagglutination assay and sugar inhibition study
A. flavus (strain No. 277, 2799, 8834, and 9064) were procured from MTCC. The strain 8834 and 9064 are clinical isolate, whereas strain 277 and 2799 isolated from plant. We analyzed the lectin activity for all strains, but only strain 8834 showed the activity (Fig. S1 ). Our objective was to purify and characterize the lectin from this strain. As a first step, we collected the fungal secretome and check the lectin activity. Interestingly we found the lectin activity in filtrate with specific activity of 20 HAU/mg, whereas specific activity from mycelial extract was 85 HAU/mg; therefore, we use the mycelial extract as starting material. The lectin was purified from A. flavus extract through ion-exchange chromatography on HiTrap Q-Sepharose FF column, AKTA FPLC system. The protein was eluted with linear gradient of sodium chloride. The hemagglutination activity was detected in the fractions number from 23 to 27, which corresponds to 23-27 ml of elution (Fig. 1A) . The active fractions were pooled and subjected to hydrophobic interaction chromatography on HiTrap Phenyl-Sepharose HP column. The hemagglutination activity was detected in fraction volume 6 to 8 ml (Fig. 1B) , and these fractions were pooled and dialysed against the phosphate buffered saline. The sample was concentrated with membrane filtration and specific activity was determined. The homogeneity of protein was determined by native and SDS-PAGE under denaturing conditions (Fig. 2B, 2A, respectively) . The apparent molecular weight of FFL was found to be 36 kDa. The specific activity of the lectin was 9.23 × 10 2 HAU/mg with an overall recovery of 10.06%. The purification scheme is summarized in Table 1 . FFL was tested for hemagglutinating activity using trypsinized and nontrypsinized human blood groups of type A, B, and O. The lectin showed similar hemagglutinating ability toward any human ABO blood providing a titer value of 128 ( Table 2 ). The FFL sugar binding specificity was testing the hemagglutination activity of lectin samples that were previously incubated with sugars or glycoconjugates as mentioned in materials. Among the sugars we used, the L-fucose showed inhibition at 125 μM concentration (Fig. 2C) , whereas D-galactose, N-acetyl-D-galactosamine, showed inhibition at very high concentration of 25 mM and 50 mM, respectively.
Effect of FFL on cell viability
FFL inhibits the viability of L-132, U937, and PBMC cells when incubated with varying concentrations of lectin. The cell viability was measured by MTT assay, which showed a significant inhibition of cell viability in a dose-dependent manner (Fig. 3A) when compared with untreated cells. The IC 50 value was found to be 45, 49, and 54 ng/ml for L-132, U937, and PBMCs respectively. We also counted the viable cells by trypan blue exclusion assay against FFL treatment and result indicated that increase in FFL concentration decreased the cell number (Fig. 3B) . 
FFL induced up-regulation of IL-8
It has been reported that the treatment of respiratory epithelial cells with fucose-specific lectin from Aspergillus fumigatus conidia, elicited the production of inflammatory cytokine IL-8. 8 In presumption that fungi may use common mode of infection pattern or induce similar effects on human cells, we treated the human L-132 cells with purified lectin and monitored the mRNA expression of array of cytokines. The expression of cytokine IL-8 mRNA was changed significantly in the present study. Further, we carried the experiment with varying concentrations and observed the expression level of IL-8 mRNA at 6 and 12 hours. As shown in Fig. 3C, 3D , there was 3-fold and 12-fold increase in the expression of IL-8 gene. We confirmed that the verified induction of IL-8 was due to the FFL sugar-binding property by performing inhibition assays. The lectin was preincubated with varying concentrations of L-fucose for 1-hour prior treatment to the cells. Fig. 3E shows that the expression of IL-8 mRNA decreased with an increasing concentration of sugar L-fucose, whereas Lfucose alone did not exert any effect on the IL-8 expression. This study demonstrated that FFL induced the proinflammatory cytokine IL-8 in L-132 cells. Similarly, IL-8 gene expression studies were conducted in U937 and PBMC. The IL-8 mRNA was upregulated in a dose dependent manner, the fold expression was 4-and 6-fold in PBMC, and U937 cells respectively (Fig. 3F, 3G ). The IL-8 protein concentration was estimated by ELISA. After the cells incubated with FFL (40 ng/ml) culture supernatants were collected at different time intervals and assessed for IL-8 levels (Fig. 3H) . A time-dependent increase in IL-8 secretion was observed, and it reached a significant level after 10 hours of post-treatment compared with unstimulated control in case of L-132, U937, and PBMCs (Fig. 3H) . The culture supernatant after 100 nM TPA treatment was taken as positive control for the IL-8 expression (Fig. 3H) .
FFL induced activation of p38 mitogen-activated protein kinase and c-jun
Three MAPK pathways are associated with IL-8 gene transcription that includes the extracellular regulated protein kinase (ERK), Jun N-terminal kinases (JNK), and p38 MAPK. 20 In order to determine whether these MAPKs are involved in induction of IL-8, we first examined the phosphorylation of JNK1/2, ERK1/2, and p38 MAPK after treatment of L-132 cells with lectin. Interestingly, we observed a marked increase in the level of p38 phosphorylation, as shown in Fig. 4A . The phosphorylation of ERK1/2 and JNK1/2 did not show much difference as compared to p38 (Fig. 4B, 4C ). The activation of p38 induces the expression of many downstream signalling molecules and also transcription factors. The activator protein (AP-1) transcription factors are one of the downstream target molecules of activated p38. Therefore, we analysed the expression level of AP-1 factors and observed a significant increase in the expression of transcription factor c-Jun (Fig. 4D) . These studies confirmed that lectin treatment activates p38 and expression of c-Jun. To investigate the implication of p38 MAPK in the expression of c-Jun transcription factor, we next utilized specific inhibitor of p38 MAPK (SB203580). The cells were incubated with p38 specific inhibitor prior to the treatment with indicated concentration of lectin. The expression level of c-Jun was reduced significantly (Fig. 5A) . We also analysed the IL-8 expression by ELISA in presence of p38 inhibitor and L-fucose, and our results show that p38 inhibitor blocks the IL-8 secretion (Fig. 5B) .
Discussion
From the last few decades' studies on fungal lectins and their role in the host pathogen interactions has increased considerably. These fungi cause the life threatening infections more frequently in immunocompetent patients, indicating the existence of special factor/s, responsible for this interaction. In the present study we found lectin activity in the filtrate and mycelial extract of A. flavus strain, which was isolated from sinusitis patient. A 36 kDa protein by SDS-PAGE was purified to homogeneity by conventional chromatography methods. This protein showed hemagglutination activity with very high affinity towards L-fucose, whereas it shows weak interactions with D-galactose, N-acetyl-Dgalactosamine, and D-glucose. It has been reported that molecular mass of fungal lectin ranges from 15 to 90 kDa. 21 The well-characterized lectins like concanavalin A, soybean lectin, and ricin also belong to this category. The interaction of these lectins with the saccharide units present in all blood groups could be the possible reason for this nonspecificity. L-fucose is a commonly recognized sugar by several fungal lectins like Aleuria aurantia (AAL), 22, 23 A. oryzae (FleA), 24, 25 and A.
fumigatus (AFL) 8, 9 that are present in the glycosides on the cell surface, involved in the extracellular interactions. 26, 27 It has been well established that N-acetyl-D-galactosamine acts as a determinant of human blood type A, L-fucose for blood type O, and D-galactose for blood type B. 28 The interaction of FFL to L-fucose, N-acetyl-D-galactosamine, as well as D-galactose further confirms its specificity to all the four different human blood groups. Recognition of glycoconjugates is an important process in living system and is frequently facilitated by carbohydrate protein interaction. [29] [30] [31] [32] Role of lectins in cell adherence and cellular colonization have been widely demonstrated. 15 The role of lectin has been implicated in fungal and host cell interaction during infection, which has been confirmed by the detection of lectin activity in filtrate or secretome of fungal species, 7 or these lectins are preferentially concentrated in the cell wall, 15 so that it could interact either with the epithelial cells or to the extracellular matrix. A secretome of Aspergillus fumigatus has shown the lectin activity in filtrate 8 and the presence of such secretary lectin on cell wall has been reported. 33, 34 In the present study, lectin activity was detected in secretome of A. flavus and also in mycelial extract, so we believe that this dual presence of FFL could interact with cells or matrix proteins during infection. The mitogenic and antimicrobial activity of plant lectins is very well studied. Over the last decade, fungal lectins draw a greater attention, as many of them exhibit interesting physiological effects such as mitogenic stimulation of lymphocytes, immunomodulatory activities, inhibition of cell proliferation, and antitumor activity. 6 Lectins from
A. nidulans, 3 and A. gorakhpurensis 5 showed remarkable mitogenic and antimicrobial activity. The relation between inflammation and lectins from fungus, specifically fucose binding lectin has been reported from A. fumigatus, 8, 10 and Burkholderia cenocepacia. 34 The results obtained in the present study, upon treatment with L-132 cells is similar to earlier reports, where the production of proinflammatory cytokine, IL-8 upon fucose specific lectin treatment in epithelial cells is observed and this secretion was inhibited by L-fucose. 8 More interestingly, it is reported that A. flavus induce the inflammatory response in sinusitis patients, 13, 14 and FFL was purified from strain isolated from the sinusitis patient, so it could be one of the responsible factors for the inflammatory response caused by A. flavus infection. The mechanism by which FFL induce the IL-8 secretion in L-132 cells was studied. We tested the activation of protein kinases like p38, JNK, and ERK1/2 and the involvement of transcription factors. The role of MAPK signaling in mitogenic activity of lectin is well established, but its role in the inflammatory and immunomodulatory activities is limited. MAPKs are activated by wide range of external stimuli, such as activation of p38 and JNK by UV response, p38, and JNK are regulated in part by a stress activated signal transduction pathway and ERK1/2 stimulation is by EGF. Activation of MAPK and IL-8 induction in different cells including lung epithelial cells has been reported. 8, 20, 35 The germinating spores of A. fumigatus induce the IL-8 secretion, by the activation of phosphatidylinositol 3 kinase (PI3K), p38, and ERK1/2. 10 The mitogenic lectin stimulate the Th1/Th2 cytokines via p38 MAPK in peripheral blood mononuclear cells. 36 FFL activates p38 significantly in L-132 cells, and this activation is mediated by the phosphorylation of specific Ser/Thr residues that results in the further activation of its downstream substrates, which includes transcription factors like AP-1, C/EBP etc. 37, 38 Plethora of environmental and physiological stimuli regulates the function of transcription factor c-Jun. However, studies are reported that the MAPK cascade control the transcriptional regulation of c-Jun. 39 In the present study, FFL stimulated L-132 cells resulted in the activation of p38 pathway. Using pharmacological inhibitors, we observed that p38 inhibitor significantly blocked the c-Jun expression and IL-8 secretion, suggesting the involvement of p38 mediated pathway in FFL induced cytokine release by activation of c-Jun. Upon activation, c-Jun associates with other AP-1 factor/s, which can bind to specific sequence of DNA and thereby regulates gene transcription. In a number of studies, it was found that IL-8 gene transcription requires AP-1 factors, NFκB, 10,40 and other nuclear factors, but AP-1 factors in combination with NFκB, leads to the maximum induction of IL-8 promoter activity. 10, 40 The coordinated action of different signal transduction pathways and transcription factors effectively induce IL-8 production. 20, 35 The mutation studies at the binding site of AP-1/ NFκB in IL-8 promoter implicated the activation of IL-8 transcription by AP-1 factor. 10 In summary, the present study describes the proinflammatory effect of lectin likely to play a role in Aspergillus flavus infection. The p38MAPK activation in L-132 cells in response to FFL has extended to induce the proinflammatory signaling, which helps in antifungal innate immune response. The response of lung epithelial cells may differ from myeloid cells response in case of fungal infection, 10 where IL-8 expression is high as an innate immune response against the infection. 41 The IL-8 synthesis is triggered by the activation of combination of different kinases. 10, 35, 40 It is difficult to ascertain the way how lectins activate the signaling, the possible mechanism is through binding to receptor or specific glycan on cell surface. As FFL is secreted we can expect possible interaction with the fucosylated N-linked or O-linked glycans attached to variable receptors on the host cells. Recent studies reported that such receptor are expressed in human lung, epithelia of airway and alveoli and its stimulation causes the production of proinflammatory cytokine IL-8 in lungs, 42 and human corneal epithelial cells. 43 So it is suggested that proinflammatory cytokine IL-8 is produced in epithelial cells in response to fungal infection. However, further investigations needed to explore the involvement of lectin in infection and pathogenesis of Aspergillus flavus, to understand the molecular mechanism of signaling pathways activated during infection, which could help in the development of new therapeutic strategies.
